By reviewing the changes in China's agricultural reforms since 1978 from the perspective of its initiator, guide, designer and organizer, the author defines two stages of agricultural reforms: one is the bottom-up stage in early 1980s and the other is the top-down stage after China's entry into WTO. With a comprehensive quantitative-qualitative analysis of grain production of Anhui Province in response to the full implementation of the bottom-up and top-down agricultural reforms, conclusions are drawn as follows: 1) grain production growth has made great contributions to solving China's grain food crisis during the bottom-up agricultural reform as well as to China's grain food security at the top-down reform stage; 2) in general, among all sorts of socioeconomic factors, arable land, chemical fertilizers and mechanization have exerted the most significant influence on grain yield; 3) in contrast, chemical fertilizers and irrigation played the most critical role in early 1980s, followed by arable land and mechanization, while at the stage of the top-down agricultural reform, the main influencing factors include arable land, mechanization, chemical fertilizers and irrigation in sequence; 4) along with the increasing trend of agricultural specialization and clustering after the entry into WTO, irrigation and mechanization have made less contribution to grain production growth, while chemical fertilizers have been under the law of diminishing returns; 5) natural disasters including serious droughts and floods have been playing a special role in the stagnation and fluctuation of grain growth. Currently, with the leadership of government and the participation of peasants themselves, the negative influences exerted by natural disasters have been relieved a lot.
Introduction
As one of the basic food on our planet，grain has always been the focus widely discussed by every nation and its people since the second half of the 20 th century. Only a handful of countries can produce enough grain for export after feeding their own people while most countries are limited by their arid land, mountains, etc in their territory (Brown & Halweil, 1998) . Early in 1981, it was argued by Barr in his article published in Science that by 1990, the developed world will have 24 percent of the world's population, 50 percent of the world's grain consumption and produce nearly three times on a per capita basis as much grain as the developing countries which account for three-fourths of the world's population (Barr, 1981) . As a serious result, some developing countries lack grain for their basic livelihoods in the world grain situation and international price variability (Barr, 1981; Blandford, 1983) . In addition, since 1990, the growth rate in world grain production has been lower than that in population regardless of the rapid growth in the former during 1966 to 1990 (Khush,1999) . If this trend continues, the 21st century will be increasingly severe. Anyway, there is no doubt that world's grain has been threatened by a series of factors including the growing population, farmland reduction, natural disasters, soil degradation, global climate changes, ecological and environmental constraints, adaptability of advanced agricultural technology, trade barriers, socio-economic systems and so on (Thompson, 1975; Rozelle & Veeck, 1997; Parry et al., 1999; Khush, 1999; Battisti & Naylor, 2009; Neumann et al., 2010; Rode, 2011) .
In 1990s, people in US and other developed countries aroused large-scale concerns about developing China's ability to feed itself. Lester Brown, President of WORLD WATCH Institute, who is said to be "one of the world's most influential thinkers" by the Washington Post, published an article titled "Who Will Feed China?" in 1994 and went on to compose a book in 1995 named "Who Will Feed China? Wake-up Call for a Small Planet" (Brown, 1994; 1995) . In this book, he challenged China central government's view on China's grain prospect and showed that by taking into account some trend including China's rapid paving-over of cropland for industrialization and urbanization, its diminishing returns from the application of fertilizers, its rapidly increasing population by the equivalent of a new Beijing each year, and growing shortage of irrigation water, China was headed not toward a surplus but a large deficit in grain production -a situation that would severely jeopardize world food security by driving grain prices to a high level that a rising number of poor nations could never afford (Brown, 1995; Brown & Halweil, 1998) . After that, Brown's viewpoint soon began to be echoed by the mainstream media, academics and governments, including the New York Times with a nearly identical title"Good Earth is Squandered. Who'll Feed China?" three weeks later, international conferences and seminars in the ensuing months, The New York Review's publication of "Is There Enough Chinese Food?" and Scientific American's "Can China Feed Itself?" in 1996 , and the MEDEA Study on the Future of Chinese Agriculture jointly issued by the NIC (National Intelligence Council) and CIA (Central Intelligence Agency) in January 1998 (Shenon, 1994; Smil, 1996; Prosterman et al., 1996; Brown & Halweil, 1998) . Of course, at that time, China central government and specialists also responded to Brown's perspective and argued in this grain issue (Wang et al., 1995; Xie, 1996; Chen, 1996) .
Unlike the serious situation mentioned by Lester Brown, global grain production has increased dramatically during the past 50 years and China's grain production has kept a continuous 7-year growth from 2004 to 2010 according to China's official reports (Neumann et al., 2010) . In 2008, per capita grain production of 404kg in China, which doubled that of 195kg in 1949，surpassing the world's average level. In 2005, 25 years' grain aid by Word Food Program came to an end, hence ending the history of China's chronic grain shortages and achieving a basic total balance. All the above data and facts indicate that China successfully feed 22% of the world's population with only 7% of the world's arable land so that China has created a great miracle in human history and played an active and irreplaceable role for the improvement of world food security.
Behind the aura of China's achievements in grain production, there are still some hidden threats and volatilities which are likely to shake world food security. Tiejun Wen's research shows that although grain production has generally followed the simultaneous growth of population as shown in the data related to the period from 1949 to 2002, there were two low-growth phases with greater volatility respectively in the disaster period from 1958 to 1965 and the soaring-price period from 1992 to 2001 (Wen, 2001) . Especially during 1998 to 2003, mainly owing to the reduction of grain planting area, China's grain production dropped to the lowest level under the volatility since 1998 (Zhang et al., 2007; Fan & Cheng, 2006) . Some of China's scholars and foreign specialists on China's agricultural development studied the important influencing factors on China's grain production related to sown area, integrated nutrient and pest management, land productivity, intensified land management, technical efficiency, water shortage, utilization of water and soil resources, environmental degradation, disasters, global environmental changes, rural land policies and agricultural reforms (Carter & Zhong, 1988; Wang et al., 1996; Rozelle & Veeck, 1997; Brown & Halweil, 1998; Yao & Liu, 1998; Yang, 1999; Verburg et al., 2000; Wen, 2001; Zhang & Li, 2006; Cui & Kattumuri, 2010; Veeck & Shui, 2011) .
But for a number of China's grain growth factors, institutional and policy factors have played a leading role in grain production since 1949. After the land reform accomplished in 1952 and the people's commune system implemented during the 1952-1978 period, China adopted a contracted household responsibility system, which was proved to be especially effective for increasing grain output and peasants' income (Yao, 1994; Rozelle & Veeck, 1997; Rozelle & Sumner, 2003; Zhang et al., 2006) . During the period of China's agricultural reform from 1978 to 1985, the rapid growth of grain yield was mainly attributed to the land-based contracted household responsibility system firstly implemented in the Chinese history by China government (Carter & Zhong, 1988; Wen, 2003; Veeck & Shui, 2011) . From 1978 to 1984, agricultural output gained an average annual growth rate of 7.7%, which is 5% higher than that from 1953 to 1978. With the full implementation of the contracted household responsibility system in 1985, China's grain output rose to 379.1 billion kilograms, higher than 304.7 billion kilograms in 1978.
Unfortunately, after the agricultural reform in early 1980s, China preserved the urban-rural dichotomous economy formed in the people's commune era which placed agriculture on the secondary position (Zhang et al., 2006) . With the low efficiency of agricultural sector and inadequate government support, China's urbanization and industrialization greatly stimulated a large number of young farmers to leave their farmland for cities and factories, which directly led to China's grain growth hovering and laggard comprehensive growth from 1986 to 2003 (Wen, 2001; Ho et al., 2004; OECD, 2005; Zhai & Liu, 2008; Veeck & Shui, 2011) . of agricultural reform policies adopted by China central government since 2003, especially after the entry into WTO. In contrast, the period after China's entry into WTO significantly shows more government involvement at all levels and a series of national policies of calling for agriculture to be supported by industry and the urban area, particularly by the central government, hence reflecting new ideas and perspectives concerning the role of the farm sector and farming families in economic development strategies for rural areas (Chuang, 2000; Duan & Dwyer, 2008; Veeck, 2009; Veeck & Shui, 2011) . During the era after the entry into WTO, with the establishment of its basic strategy of "coordinated urban-rural development" as well as its basic principle of "giving more to peasants, asking for less from peasants, more activating for peasants", China central government has taken a series of more direct, powerful and effective rural policies. For example, since 2003, in order to arouse peasants' enthusiasm to improve grain output and expand grain planting area, central government has formulated a series of policies, including agricultural tax deduction, grain subsidies, seed subsidies, machinery purchase subsidies, and so on. What's more, these grain subsidies have been on the rise every year since 2003. On September 29, 2005, China government abolished the regulations on agricultural tax, which had been in existence for 2600 years in China's history (Xinhua News Agency, 2005) . After 2006, the central government began to adopt "the New Socialist Countryside Policy" and "Comprehensive Rural Reform" involved not only in agriculture and economic field, but also in political, social and cultural aspects, which stressed the importance of democratic election, democratic decision-making, democratic management and supervision in villages. As a result, after 5 years' grain growth, China's grain output in 2008 reached 528.5 billion kilograms (Figure 1 ). Although we need more supporting facts, it can be seen that one of the most important reasons for the grain growth during the 2003-2008 period should be derived from "China's quiet agricultural reforms" after the entry into WTO, named by Prof. Gregory Veeck and Wei Shui (Veek & Shui, 2011) . Based on the above, we can reasonably conclude that there are significant differences between the agricultural reforms in the 1980s and the beginning of the 21 st century since the contracted household responsibility system originated in Xiaogang Village of Anhui Province reflects the bottom-up agricultural reform while a series of comprehensive agricultural reform of China in the latter period has been arranged and guided by China central government with apparent top-down characteristics.
Whereas, it is very interesting that Anhui province in China is the birthplace of national agricultural reform in the 1980s and the beginning of the 21 st century. For China's agricultural reforms, Anhui has played a pioneering role since 1978 as former China's president Deng Xiaoping once said in the spring of 1992, "China's reform began in rural areas and China's rural reform started from Anhui Province" (Xinhua News Agency, 2007) . With Anhui being a typical agricultural province, each agricultural reform here, known as the mirror of China's rural reform, is called "Anhui mode" and has led rural China to make steady progress. In 1978, 18 peasants in Xiaogang Village of Fengyang county in Anhui, by signing a secret land contract related to individual criminality to abandon the "communal pot", ushered in the rural reform of China's contracted household responsibility system. In 2000, China central government once again decided to make Anhui Province take the lead in carrying out the experimental rural reform on agricultural taxes and administrative charges. In short, taking the 61 counties of Anhui province as an example as well as a mirror of China's agricultural reforms under the background of the bottom-up and top-down agricultural reforms, this research aims at analyzing the relation between Anhui's grain production and economic development, making a comparison of the socio-economic influencing factors on grain production before and after each stage of agricultural reforms, assessing the impact of natural disasters on grain production, and in particular analyzing whether the grain growth positively respond to bottom-up and top-down agricultural reforms and what differences can be detected. 
Study Area, Methodology and Data

Study Area
Anhui Province, one of the eastern provinces of China, lies in the hinterland of Yangtze Delta and the transitional area between the temperate zone and the subtropical zone ( Figure 3 ). The north of the Huaihe River possesses a half-moist monsoon climate typical of warm temperate zone while the south of the Huaihe River possesses a subtropical moist monsoon climate. Anhui covers an area of 139,600 square kilometers with the population of 61.31 million by the end of 2009. The landforms in Anhui are very complicated with plains, hills and mountains covering 1/3 of its area respectively. The Yangtze River and Huaihe River flow through the province and divide it into three main natural areas. Chaohu Lake is one of the five great freshwater lakes in China, with an area of 800 square kilometers. The climate condition is suitable for various kinds of crops with an average annual agricultural temperature of 14-17 degrees Celsius, 700-1700 mm's rainfall and 200-250 days' frost-free period. Under normal circumstances, there is an agricultural cultivated area of 8,000,000 hectares with 65% of its products being grain and 35% economic and other products. Grain products mainly include wheat (accounting for 80%), rice, maize and sweet. 
Methodology and Data
Based on a microcosm of China's grain production in bottom-up and top-down agricultural reform, this paper takes the 61 counties in Anhui Province as the study area, not including the urban area of its 17 urban districts. According to the available data, the period from 1980 to 1985 can be defined as the stage of the bottom-up agricultural reform, while the period after China's entry into WTO can be seen as the stage of the top-down agricultural reform. In order to observe and analyze Anhui's grain production in response to the full implementation of the two stages of agricultural reforms, the following methods and data will be utilized: 1) Analyze the correlation between Anhui's grain production and its local economic development in Anhui's inter-county level, including the relationship between Anhui's grain production and household income; 2) By comparing the beginning of each stage (or the period prior to it) and the period after the effective implementation of agricultural reforms, the author detects the changes in the socioeconomic influencing factors for grain production with Pearson correlation analysis so as to observe the effects and intensity of grain production in response to the two stages of agricultural reform. Specifically speaking, the author studies the changes in the socioeconomic influencing factors during the bottom-up agricultural reform from 1980 and 1985 as well as during the top-down agricultural reform from 1999 to 2008; 3) Because the data of grain production per unit of area at the inter-country level are not available, the characteristics of simultaneous growth between rural population and total output of grain can be based on to assume the equal distribution of cultivated land to each farmer in different counties. Therefore, the author uses (peasants) per capita grain production as an key indicator www.ccsenet.org/jgg
Journal of Geography and Geology Vol. 4, No. 2; to analyze the Pearson correlation between per capita grain production and other relevant socioeconomic indicators; 4) Using spatial interpolation method of GIS and Pearson correlation, this paper also studies the relationship between grain output and climate so as to determine the impact of climate on grain production and whether climate weakens the effect of the rural reform policies. In addition, 5) It is worth pointing out that the analytical data used in this paper all come from China's official statistical yearbooks and other officially published data.
Results and Analysis
Grain Production and Socioeconomic Development under Bottom-up and Top-down Patterns
At the two stages of Anhui's agricultural reforms, Anhui's grain production showed remarkably different roles in facilitating regional economic development. After the 1952-1978 period with insufficient food to feed people, since the first implementation of the contracted household responsibility system in 1978, grain production has given its top priority to providing adequate food and clothing for peasants and further making them get out of poverty. With the propelling force of the farmland-based contracted household responsibility system, significant changes have exerted positive impacts on Anhui's grain production and socioeconomic development. In return, Anhui's grain yield has also made a great contribution to agriculture and regional economy. As the new master of farmland in the new situation in contrast to the people's commune system, peasants have greater enthusiasm for cultivation so that the key problem on how to have enough grain to feed people, which had puzzled China central government before 1980, has been nearly completely solved in the early 1980s. Consequently, the annual growth rate of grain yield in Anhui's 61 counties was 5.41% from 1980 to 1985. The Pearson correlation coefficient between per capita agricultural output and per capita grain production was 0.877, incorporated with that between per capita social gross output and per capita grain production (0.762), also showed the important role of agriculture in local economy, especially for that special era of the 1980s (Table 1) . It is particularly interesting that since the primary objective of the agricultural reform is to provide enough grain to feed peasants themselves, grain for breeding pigs has been limited to a small proportion, as is shown in the Pearson correlation coefficient between per capita pork production and per capita grain production (0.266-0.289) ( Table 1 ). In addition, most peasants had very little savings compared with those now. As a result, an insignificant negative correlation (P<0.05) was observed for per capita deposits and per capita grain production in 1980 (Table 1) . Out of the step of rapid economic growth of China and Anhui, Anhui's grain production has been experiencing a 12-year wandering period until 2003. From 2003 to 2008, Anhui's grain growth rate at the county level reached 10.92%, significantly higher than that in the rapid growth period from 1980 to 1985 (5.41%). Figure 4 shows that the grain production growth rate in northern Anhui in the 2003-2008 period is faster than that in southern Anhui which also achieved rapid progress compared with the period from 1980 to 1985. Interestingly enough, during the top-down rural reform, despite the ever-increasing grain production and the rise of national grain prices, the more grain was produced, the less impact it had on farmers' income and local economy. Table 2 shows that in 1999, per capita grain production is positively associated with the per capita income in the rural area with the correlation coefficient of 0.264 (Table 2) . However, the positive correlation between 2008's grain production and the rural per capita income has become very weak with no statistical significance at the 0.05 level, regardless of the significant increasing positive correlations between the per capita cash income from household business and per capita grain production during the same period (Correlation coefficient is 0.313, 0.512 for 1999 and 2008 respectively ), as similarly shown in the positive correlations between per capita cash income from selling products and per capita grain production (Correlation coefficient is 0.285, 0.543 for 1999 and 2008 respectively) ( Table 2) . Grain yield has a slight impact on local economy since the correlations between per capita GDP and per capita grain production became weaker from positive to negative from 1999 to 2008 without statistical significance (Table 2 ). In the same way, the correlations between grain and per capita public revenue as well as between grain and per capita retail sales of consumer goods were slightly negative from 1999 to 2008, which is of statistical significance at the 0.05 level in 2008 (Table 2) . 
The Socioeconomic Influencing Factors for Grain Production during the Bottom-up Agricultural Reform Period
During the bottom-up agricultural reform from 1980 to 1985, what changes happened to grain production in 61 counties affected by some socioeconomic factors such as the amount of cultivated land, land productivity, irrigation, chemical fertilizers, mechanization and so on? Table 3 shows the correlations between grain production and several socioeconomic influencing factors from 1980 to 1985. As to cultivated land, per capita cultivated land, incorporated with per capita grain planting area, is an important factor to affect per capita grain www.ccsenet.org/jgg
Journal of Geography and Geology Vol. 4, No. 2; production since significant positive correlations (p<0.01 or greater) have been observed for per capita cultivated land and per capita grain planting area. Moreover, the marked increase in two correlation coefficients from 1980 to 1985 also indicates that the sown and cultivated acreage has a greater impact on grain production. In addition, the grain output per mu also has a significant impact on per capita grain production with significant positive correlation at the 0.001 level. But the correlation coefficient between the grain output per mu and per capita grain production (0.5-0.6) reveals the imbalance of per capita cultivated land with more in northern Anhui and less in the southern part (Table 3) .
With regard to the county-level investments during grain cultivation, at the per capita level, the power of agricultural machinery, consumption of chemical fertilizers, irrigated area and electricity are positively associated with the output of grain from 1980 to 1985. Among these factors, irrigation has a very significant positive impact on grain output where the correlation coefficient is high at 0.856 in 1980 and 0.738 in 1985 (Table 3 ). Since plains account for one-third of whole Anhui, and 1/3 area of hills are partially cultivated with the help of agricultural machinery, the degree of grain production mechanization here has been higher than western China and the foothill of eastern China since 1978. So per capita power of agricultural machinery is not only significantly associated with per capita grain production at the 0.001 level but also become better correlated in 1985 (Table 3) . Similarly, Pearson's product moment correlation for per capita chemical fertilizers with per capita grain production also shows that chemical fertilizers have become increasingly important for improving grain output from 1980 to 1985 (Table 3) . Thereafter, it cannot be neglected that electricity consumption is also an indispensable factor to enhance the output of grain. The increasing positive correlation (p<0.001) from 1980 to 1985 shown in Table 3 also indicates that the utilization of electricity power is a luxury for most rural areas in Anhui in that era because of the lack of electricity power and power facilities. It is worth noting that chemical fertilizers per mu are also significantly (p<0.01) and positively correlated to per capita grain production in 1985 but not significantly (p>0.05) and negatively correlated to per capita grain production in 1980, which may indicates chemical fertilizers tend to increase returns at the original stage of agricultural development (Table 3) .
On the other hand, the contribution of Multiple Crop Index (MCI) can't be ignored as well. Table 3 shows that the relationship between MCI and per capita grain production is significantly negative at the 0.05 level, and the significant negative correlation coefficient in 1985 is larger than that in 1980 (Table 3) . Since the food grain and clothing issue got resolved in the agricultural reform of the contracted household responsibility system, except for grain cultivation, Anhui's peasants began to pursue eating and selling more other food such as vegetables and oil-bearing crops. So the higher MCI is, the lower grain yield is produced, especially in southern Anhui with less arable land and higher MCI (Figure 3 ). Vol. 4, No. 2; production and the selected socioeconomic influencing variables for 1999-2008 is provided in Table 4 . Among all sorts of influencing factors, the most significant positive indicator is grain planting area and cultivated land. Table 4 shows that Pearson correlation coefficient between per capita grain production and per capita cultivated land is greater than 0.8 in 2008, a little higher than that in 1999. In addition, the high-positive correlation up to 0.985 was put up for the improved quantity of grain and the increased planting area during the same period in 17 cities (lacking the data of 61 counties). It is obvious that with the shrinking of Anhui's cultivated land along with rapid urbanization and industrialization, which is a little similar to the situation in developed eastern China, the most important approach to increase grain yield is to make full use of cultivated land and expand the sown area of grain by reusing abandoned arable land with the policies adopted to stimulate agricultural development in 2000s.
On one hand, the law of diminishing returns is in operation as more chemical fertilizers are applied to shrinking land (Yao & Liu, 1998) ; on the other hand, with increasing emphasis on China's grain food security since the late 20th century, the consumption of chemical fertilizers is on a slow rising trend with a growth rate of 2.3% from 1999 to 2008, which is especially well below the grain growth rate (9.72%) during the same period. As a result, the increased chemical fertilizers are very limited to increase grain production, which can get proved by Pearson correlation coefficient (0.72 and 0.7) between per capita grain production and per capita consumption of chemical fertilizers during the period from 1999 to 2008 which is similar to that 1985 regardless of the time span of 23 years (Table 3 and Table 4 ). Anyway, the chemical fertilizers still played an important role in promoting Anhui's grain yield during the top-down agricultural reform.
For the degree of mechanization in recent decades is much higher than that between 1980 and 1985, particularly with the stimulating force from the policy of heavy agricultural subsidies in 2003, Anhui's grain production has been a little more affected by agricultural mechanization. Table 4 incorporated with Table 3 shows that the relationship between per capita grain production and per capita power of agricultural machinery is more significantly positive in 1999 and 2008 with the Pearson correlation coefficient of 0.66 and 0.7 than that from 1980 to 1985. Specially speaking, the role of the subsidy policy in promoting grain yield has not fully reflected, in part, because Anhui had began the inter-provincial co-harvesting services in addition to completing self-harvesting since 1990s.
More interestingly, the negative significant relationship between MCI and per capita grain production in 1999 has had no statistically significant only with smaller negative correlation in 2008 (Table 4 ). The result partly indicates that the degree of grain specialization has been increased, especially in northern Anhui which is focused on wheat and soybean, among which wheat production there accounts for 90% of that of whole Anhui. It cannot be ignored that the protection of water resources and irrigation facilities is also closely associated with the output of grain, as shown in Table 4 which reflects three important indexes, including "irrigated area", "farmland area of stabilizing yield" and "electromechanically irrigated area". In accordance with the appeals of some scholars and government officers, the water conservancy and irrigation facilities in Anhui have had no significant changes since 1990s (Guan et al., 2009 ). 
The Effect of Natural Disasters on Grain Production during Agricultural Reform Process
Located in the transition zone between North China and South China, Anhui Province is accompanied by the flood from Yangtze River, Huaihe river basin low-lying and ecological deterioration, hence having a high frequency of natural disasters with the geographic wide-ranging impact. "One drought every three years, one flood every four years, and more serious results caused by droughts than floods" is a vivid portray of Anhui's droughts and floods which take place in most parts of Anhui (NBS, 2010) . Ever since the ancient times, Anhui has been known as one of the "disaster-prone provinces". The high frequency of natural disasters in Anhui, mainly including serious droughts and floods, has made a great impact on grain production. For example, 1985's flood in Anhui directly led to a sharp decline of grain yield from 22.02 billion kilograms in 1984 to 21.68 billion kilograms in 1985 with a growth rate of -1.6% (NBS, 1985; 1986) . In order to further illuminate the negative impact of droughts and floods on grain production, the flood in 2003 and the drought in 2008 are contrasted as follows.
In 2003 which is regarded as a natural disaster-stricken year, the scab of wheat and the sclerotinia rot of colza had come into vogue as a result of continuous low temperature and cold rain in spring. Heavy rain and hail in summer become a catastrophe so that serious floods took place at the watershed of Huaihe River and Chuhe River. At the same time, due to a large area of paddy suffering from a damage caused by high temperature, less than 50% of the planted paddy got ripe finally. As a result, a large area of paddy, maize, cotton and peanut was cut so that Anhui's annual grain yield felled by 20%, where the crops of 36.24 million mu were affected.
Using the optimal spatial interpolation of city precipitation by ARCGIS software ( Figure 5 ). Table 5 shows the correlation between the grain production per mu and the precipitation for 1999 and 2003, where 1999's precipitation is regarded as relatively normal. With four times' durative precipitation in June and July of 2003, the serious floods remarkably affected the yield of paddy and cereal per mu (including wheat, paddy and maize) ( Table 5) . For all the year round, floods mainly significantly affected wheat production due to durative cold rain in spring and serious floods in June of 2003 (Table 5 ). The influence of summer's flood and spring's durative cold rain on grain output in 2003 can also be observed from Pearson correlation coefficient between per capita grain production and the related socioeconomic indexes, which is significantly lower than that in the period from 1999 to 2008 (Table 6) .
On the contrary, even though experiencing a rare drought in history in 1999, Anhui's grain output continued to maintain its growth for the sixth year since 2004. Despite of the positive contribution of local government to combat droughts, objectively speaking, one of the most important reasons comes from the tremendous enthusiasm of peasants under the encouragement of a series of policies related to top-down agricultural reform. 
Conclusions
According to these significant differences for key initiators, guides, designers and organizers, two stages of agricultural reforms occurring respectively in earlier 1980s and after China's entry into WTO are defined respectively as the bottom-up stage and the top-down stage in this article. Based on a comprehensive quantitative-qualitative analysis on Anhui's grain production in response to the full implementation of the bottom-up and top-down agricultural reforms, some main conclusions are drawn as follows:
1) In the agricultural society during the bottom-up agricultural reform, grain production growth made great contributions to solving China's grain food crisis and feeding urban and rural people. While in the industrialized society at the top-down stage, grain production has failed to exert a greater contribution to regional economy, hence having less contribution to grain growth to family. But the top-down agricultural reform has been playing a leading role in the improvement of China's grain food security.
2) In common, among all sorts of socioeconomic influencing factors, grain planting area and cultivated land have been the leading driving forces for grain growth, and chemical fertilizers and mechanization have also exerted significant positive impacts on grain yield. Yet, water conservation and irrigation conduction cannot be neglected in spite of abundant water resources.
3) In contrast, during the bottom-up agricultural reform, chemical fertilizers and irrigation played the most important role, followed by the factor of arable land and then mechanization, but as to the top-down agricultural reform, the main influencing factors in sequence include respectively arable land, mechanization, chemical fertilizers and irrigation. More specially, chemical fertilizers, which used to be an important factor for 1980s' grain yield, have had a very limited contribution to modern grain production under the law of diminishing returns. Meanwhile, compared to that in earlier 1980s, irrigation has had less contribution to grain production with better irrigation facilities after China's entry into WTO. Similarly, agricultural mechanization facilitated grain output at the earlier stage of mechanization while modern agricultural mechanization, which is sufficient for grain production under the top-down subsidy policies, only play a slightly greater role in promoting grain yield than in the bottom-up agricultural reform 4) In the bottom-up agricultural reform, improved MCI facilitated the diversity of agriculture, while with agricultural modernization and top-down rural reform, in addition to diversified cultivation, agricultural specialization and clustering will achieve greater development.
5) Natural disasters including serious droughts and floods have been playing a special role in the stagnation and countermarch of grain growth. Nowadays, under the leadership of local government and the guidance of China's central government, the active participation of peasants has weakened the impacts caused by natural disasters on grain production.
Anyway, as for the top-down and bottom-up agricultural reforms, this paper cannot conclude which is better. It is very clear that both stages have made great contributions at their specific historical stages regardless of some of different drivers. With the lower comparative advantage of agriculture due to China's industrialization and urbanization, it is worth our serious consideration whether it is necessary for China central government to attach greater importance to more top-down agricultural reforms to achieve grain growth.
